o

LNG

AUSTRALIA
PACIFIC

Australia Pacific LNG Upstream Phase 1

Stage 1 CSG Water Monitoring and Management

Plan

Q-LNGO01-95-MP-0147

Rev Date Details By Check | Eng/QA App

A 09-08-11 Issued for Review RM AM

0 18-08-11 Issued for Use RM AM KJ
Re-issued following reviewer’s SM

1 01-02-12 comments RM AM KJ
Re-issued following additional

2 20-09-12 comments RM AM

3 05-12-12 Re-issued following further comments | RM AM JM BS




Stage 1 CSG /& o
Water Monitoring and Management Plan ,,

AUSTRALIA
' PACIFIC
\LNG

Table of Contents

1. 1] goTe (U1 1o} o FU PP PP PPTPPPPRI 3
1.1 Applicability Of this Plan..........cooviiiiiiii 3

1.2 Plan Preparation ... 6

2. Groundwater Monitoring and Management ..o 6
2.1 Groundwater Drawdown Limits ..........coovriiiiiiiiiiiiee e 7

211 MEENOG .. 7

2.1.2  Groundwater Drawdown LimitS.........cooocuuimiiriiiiiiiiiiieeeeee e 11

2.2 Aquifer Connectivity STUAIES .......ooviiiiiiiiiiiee e 17

2.2.1  Potential wellbore pathways ... 17

2.2.2 Connectivity between the Walloon Coal Measures and the

Condaming AlIUVIUM ... 18

2.3 Aquifer ReINJECHION .....cooo e 19

2.4 Early Warning INdiCators ...........ueeeiiioiiiiiiiieeeee e 20

2.4.1  Trigger Values for the Walloon Coal Measures...........cccccceeeeennnee 22

2.4.2  ResSponSe ACHIONS ...ccooeieiiiiiiee e 23

3. Hydraulic FraCturing........oooo e 26
3.1 Estimated Number, Spatial Distribution, Location of Wells for Hydraulic
Fracture Stimulation activities ... 27

3.1.1  Drilling Schedule 2011 10 2041 .......coiiiiiiiiiiieeee e 27

3.1.2  Spatial Distribution of Wells with Time 2011 to 2041 ................... 28

3.2 Constituent Components of the Hydraulic Fracturing Fluids...................... 29

3.2.1 Fracturing FIUIAS. ........eueiiiiieiiiieeeeee e 33

3.2.2  Inventory of AdditiVES .......cceeeiiiiiieei e 34

3.3 TOXICHY oo 40

3.3.1 Environmental Fate and Conclusion ...........ccceeeeveeeiiiiiiiiiieeenenn, 47

4. Surface Water Monitoring and Management............oooviiiieieeeeeniniieeeee e 52

Appendix A - Subsidence, Aquitard Integrity and Aquifer Interconnectivity Project Plan ..54

Appendix B - Aquifer Injection Feasibility StUdIES ........ccevevieieieiciseseeeeeee e 55
Appendix C - Groundwater Monitoring Plan .........coccveirereenieenieeneeseeesesie e 56
Appendix D - Stage 1 Surface Water Monitoring and Management Plan ...........cccceeveneee. 57
commercial-in-confidence Q-LNGO01-95-MP-0147

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 « www.aping.com.au 2



Stage 1 CSG ,&.
Water Monitoring and Management Plan
AUSTRALIA

' PACIFIC
\LNG
1. Introduction

Condition 50 EPBC 2009/4974 requires Australia Pacific LNG to develop a Stage 1 Coal
Seam Gas (CSG) Water Monitoring and Management Plan (WMMP). This plan requires the
addressing of three main components:

e Groundwater monitoring and management
e Hydraulic fracturing
e Surface water monitoring and management

This document represents Australia Pacific LNG’s Stage 1 CSG WMMP. lt is structured such
that each component is presented as a separate section herein. Where standalone
monitoring and management plans were already developed, brief summaries have been
included in the body of this plan, with the detailed plans provided as appendices.

1.1 Applicability of this plan

The Australia Pacific LNG Stage 1 CSG WMMP applies to the approved gasfield
development from the present to April 30, 2016. This staging aligns with the tri-annual
revision of the Queensland Water Commission Underground Water Impact Report, with an
additional 6 months allowance to confer with Federal regulatory agencies. This will allow for
the results of this tri-annual review, and modelling and monitoring update to inform the next
iteration of the Stage1 CSG WMMP. This approach is consistent with the adaptive
management framework for the project. It does not apply to the full project as approved by
EPBC 2009/4974. . Those tenements approved by EPBC 2009/4974, are summarised in
Table 1 and shown on Figure 1. The fields to which this Stage 1 CSG WMMP will apply
includes: Talinga/Orana, Condabri, the northern portion of Dalwogan and the eastern portion
of Combabula.

It is noted that Australia Pacific LNG holds other petroleum authorities to prospect and
leases which are not included in EPBC 2009/4974, but are otherwise approved. This
includes joint venture operations for which Australia Pacific LNG is not the operator. In most
cases that tenure is included in the already developed management and monitoring plans
that have been included in this Stage 1 CSG WMMP.

Table 1 Summary of Australia Pacific LNG Gasfield Development

. - . Proposed Number
Australia Pacific LNG Associated - . .
Field Name Tenements of P\l;\c;:lrs(itlon First Production
Talinga/Orana P'-QF]E;AZP;'SZG; 753 2008 /2014
Condabri PLA265: PLA266: 726 2013

1 Based on current development plan, version 4Rev2. This supersedes the EIS development plan
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Proposed Number

Australia Pacific LNG Associated . . .
Field Name Tenements of Producitlon First Production
Wells
PLA267 (now
PL265, PL266;
PL267°)
Dalwogan PLA 216 400 2013*
ATP606P; o
Combabula/Ramyard ATP972P 2972 2014**/ 2026
Woleebee PL209 285 2026
Carinya ATP973P 0 Not currently in
development plan
. ATP692P; PL225;
Kainama PLA225: PLA289 284 2024
Gilbert Gully ATP663P 925 2020
Total Number of 6.345

Wells

ATP = Authority to Prospect; PL = Petroleum Lease; PLA = Petroleum Lease Application

* High permeability areas adjacent to Condabri North only

** Eastern portion of Combabula only, including the Comabula and Reedy Creek subfields

2 The Condabri Petroleum Lease Applications have been approved subsequent to the project

approval.
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Figure 1 Locations of Australia Pacific LNG EPBC 2009/4974 Approved Tenements

w @ I3 o w o o -t w fux} [ =T o
o oo o a3 [a3] o o o o o ) [} — — — —
= = = = = = = o] e} o ] e} o o o e
258 | | | | I | | | | | | I | | 2583
_76 F-26
MAND DLAN
+
2624 L-262
Combabula;
b, ey
ATPELE
2641 Ramyard 264
| Ty
RU‘MA WALLU‘MEI\U_AYULEBA "
26,6+ 5 Wy e 266
* ES o
Tl CHINC‘HILLA
. Talinga. JANDOWAE
Condabri pre:™ *
-26.8 1 TPz pPLZE BRIGALOW F-26.8
PLEGE| Crana -
PL2 iy
CONDAMINE 47 LAZET o TAERA i BRt
-27 4 F-27
MABAZSTER KAIMKILLENBLIN
+
SURAT
* D;%BY
2724 GLENMORGAN 272
* TA‘RA
WEANBARRA He guve KUMEI%R ILLA
-27.44 F-274
CECILPLAING
'S
275 076
HEEHE Gilbert Gull
ST e + O GRS
-27.84 TURALLIN 278
WitLMERRAN
+*
ALTON
~75 + F-28
KOOROONGARRA
Aplicahility of APLNG Stage 1 C56 WhMP *
-28.2 T 7 T 7 7 T T T T T T T T T -28.2
w ow o L] = ow o o o =T i ) — o™ =T w
o o = o o [} o sl o =} o o b — — —
= = = = = = re] 5] Ire} Ire} o o e
commercial-in-confidence Q-LNG01-95-MP-0147

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 « www.aping.com.au 5



Stage 1 CSG ®e
Water Monitoring and Management Plan

AUSTRALIA
PACIFIC
LNG
1.2 Plan Preparation
This plan has been prepared and reviewed by the following team
Role Name Position Qualifications el
Experience
BScH Geol
Author Ryan Morris Senior oS S aeotoay) 11 years
y Hydrogeologist RPGeo y
(Hydrogeology)
, Water Development BE(Chemical)
Author Kevin Loh Analyst RPEQ 4 years
Production
Author Peter Hoberg Technology BAppSci (Physics) 29 years
Stakeholder
Groundwater BSc (Applied
Technical Review Andrew Moser Manager Geology) 21 years
Senior RPGeo y
Hydrogeologist (Hydrogeology)
Senior Water ;
BE(Ch I
Technical Review Janelle Murray Development (Chemical) 9 years
Analyst CEng, MIChemE

2. Groundwater Monitoring and Management

Specifically relating to the groundwater component of the Stage 1 CSG WMMP, the
requirements of Condition 50 are:

e groundwater drawdown limits for each potentially impacted aquifer

e aprogram and schedule for aquifer connectivity studies and monitoring of relevant
aquifers to determine hydraulic connectivity

e aprogram and schedule for field piloting of aquifer reinjection of treated CSG water
and other groundwater repressurisation techniques

e early warning indicators where drawdown thresholds are being approached.

With the exception of the first requirement, Australia Pacific LNG has project plans
addressing the requirements. Therefore, the groundwater component of the Stage 1 CSG
WMMP must be read in conjunction with:

e Subsidence, Aquitard Integrity and Aquifer Interconnectivity Project Plan Q- LNGO1-
10-MP-0018: Appendix A

e Australia Pacific LNG Upstream Phase 1 Aquifer Injection Feasibility Studies (Q-
LNGO01-95-MP-0146) : Appendix B

e Australia Pacific LNG Upstream Phase 1 Groundwater Monitoring Plan (Q-LNGO1-
10-MP-0005) : Appendix C
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It is noted that the Condition 50 relates to monitoring and investigation plans and does not
require the identification of measures that may be implemented to mitigate potential impacts
to MNES. Identification of potential mitigation measures are a requirement of the Stage 2
CSG WMMP (Condition 52 of EPBC 2009/4974).

Stage 1 CSG ,&.
Water Monitoring and Management Plan ,

2.1 Groundwater Drawdown Limits

In relation to groundwater matters, the Federal Government’s jurisdiction over the
development of the Australia Pacific LNG gas fields is related to the protection of listed
threatened species and communities (section 18 and 18A of the EPBC Act). These species
and communities must be dependent on springs sourced from aquifers of the Great Artesian
Basin. Since the Walloon Coal Measures, a target formation for coal seam gas production is
mid-way through the Great Artesian Basin sequence in the Surat Basin, Australia Pacific
LNG has the potential to impact on spring flows and hence has the potential to affect the
associated communities. Springs supporting EPBC Act listed threatened species will
hereafter be referred to as “EPBC springs”.

In May 2011, DSEWPaC specified a default drawdown of 0.2m for all targeted aquifers for
Australia Pacific LNG gas fields development (Condition 49 of EPBC 2009/4974). The point
of measurement was specified to be 20km from the point of production radially outwards
towards the springs. DSEWPaC indicated that equivalent drawdown thresholds could be
derived for distances within 20km of the point of production using modelling methods. The
purpose of the setback distance from the spring was to ensure early indication of potential
adverse impacts. The specified drawdown will apply until the Minister’s approval of the Stage
1 CSG WMMP.

Australia Pacific LNG has utilised the method specified by DSEWPaC for Condition 49 of
(Condition 49 of EPBC 2009/4974), but proposes to use regional scale numerical
groundwater flow modelling to apply the drawdown limit at existing or planned relevant
groundwater monitoring bores. The method used is inextricably linked to the development
and implementation of the groundwater monitoring network (Australia Pacific LNG Upstream
Phase 1 Groundwater Monitoring Plan Q-LNGO01-10-MP-0005). This approach was
considered sound by the CSG Expert Panel, as identified in the review comments to the
draft WMMP and through discussions between Australia Pacific LNG and panel members
(pers. Com. J. Coram and R. Creswell, 1 November 2011).

The three Queensland CSG to LNG proponents with approvals under the EPBC Act
(Australia Pacific LNG, Gladstone LNG and Queensland Curtis LNG), have been
collaborating on the development of a common approach to monitoring and managing
potential impacts to MNES. The combined approach to groundwater monitoring will be
included in the Stage 2 CSG WMMP. Implementation of the Stage 2 CSG WMMP is
anticipated to commence by 31 August 2013, dependent on approval by the Minister.

211 Method
The method used for the development of drawdown limits is considered to:
¢ Be simple to implement and update;

e Be applicable at existing or proposed groundwater pressure monitoring locations;

commercial-in-confidence Q-LNG01-95-MP-0147

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 « www.aping.com.au 7



Stage 1 CSG ,&.
Water Monitoring and Management Plan
AUSTRALIA

' PACIFIC
\LNG

e Provide sufficient warning that management actions can be implemented to mitigate
potential impacts to EPBC springs;

e Incorporate the adaptive management philosophy, where the limits can be updated
as numerical groundwater flow modelling is improved; and

e Be applicable to any new springs identified to maintain EPBC listed species or
communities.

The method incorporates the following data:

e The locations and source aquifer for EPBC springs;

e Points on the ground that are 20km from the Australia Pacific LNG tenure and in the
direction of the relevant spring.

e The locations and target aquifers of the existing and proposed Australia Pacific LNG
groundwater monitoring bores; and,

e Modelled hydrographs for the monitoring bores and springs.

Using this data, a drawdown limit is determined for each of the relevant Australia Pacific
LNG groundwater monitoring bores in the regional monitoring network.

The Australia Pacific LNG Project Case Best Estimate model (WorleyParsons, 2010) has
been utilised. This model was parameterised to be conservative where detailed data was
unavailable. Modelled groundwater contour data and contour plots for each potentially
impacted aquifer were provided to the Department in accordance with Condition 48, as
acknowledged in Department reference 2011/05773. With future improvements to numerical
groundwater modelling of the effects of CSG activities in the Surat Basin, particularly
cumulative effects modelling, drawdown limits can be easily updated. It is proposed that
default drawdown limits will be updated when the Queensland Water Commission (QWC)
numerical groundwater model for the Surat Cumultaive Management Area becomes
available, and subject to data availability, Australia Pacific LNG intends to use the output of
the QWC model to determine default drawdown limits for the Stage 2 CSG WMMP. The
modelled hydrographs for each relevant monitoring location and a description of the model
including the development scenario and parameterisation, will be provided.

2.1.1.1 Source Aquifer Identification

The Geoscience Australia advice to DSEWPaC (GA, 14 April 2011) was used to identify
source aquifers of the EPBC springs (and other springs of interest). This was based on the
outcrop geology underlying the spring, however should the springs surveys indicate
alternative source aquifers, the drawdown limits can be updated accordingly.

The springs and their corresponding source aquifer are shown on Figure 2.
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Figure 2 Locations of Australia Pacific LNG Tenure and Springs

APLMNG Tenement

Spring Source Aquifer (GA 14 Aprl 2011)
Gubberamunda Sandstone/kumbarilla Beds
Hutton Sandstone (incl Eurombah Formation)
Evergreen Formation

Precipice Sandstone

Clematis Sandstone

O EPBC Spring/Complex

Other QWC Dataset Springs

2.1.1.2 Drawdown Limits

The numerical groundwater flow model (currently the Australia Pacific LNG EIS project case
model), will be used to predict the drawdown for points located 20km from the tenure
boundary in the direction of the EPBC springs. The locations of these points for currently
identified EPBC springs are shown on Figure 3 and the points and their relevant springs are
listed in Table 2.

Drawdown limits will be specific to each relevant Australia Pacific LNG groundwater
monitoring bore within the same aquifer as the EPBC spring source. The projected
drawdown at the monitoring bore at the last modelled time period prior to 0.2m of drawdown
being predicted at the 20km buffer points becomes the drawdown limit for potential impacts
to that spring in that bore. Since there are multiple springs sourced from the same aquifer,
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and multiple monitoring bores for the same spring, the minimum of the projected drawdowns
at each relevant monitoring bore will be the default drawdown limit.

Relevant monitoring bores will be selected on the proximity to the spring and will be
screened in the same aquifer as the spring source. Off-tenure monitoring bores are not be
considered relevant monitoring bores for setting drawdown limits, however water levels in
these bores will continue to be monitored as they will provide direct measurement of actual
groundwater level response in the direction of the EPBC springs.

Figure 3 Locations of EPBC Springs and the 20km Buffer around Australia Pacific
LNG Tenure

’Boggomqss
DawsonRiver8 @ DawsonRiver2

CockatooCrk
LuckyLast @D Scotts Creek 2 @

LL

APLNG Walloons Tenement
—— 20km Buffer from Tenement Boundary

@ Point 20km from Tenement Boundary in Direction of EPBC Spring

EPBC Spring Source Aguifer (GA. 14 April 2011)
Hutton Sandstone (incl Eurombah Formation)
Evergreen Formation

APLNG Hutton Sandstone Monitoring Bore
UWIR Hutton Sandstone Monitoring Bore (non-APLNG)

od @
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Table 2 20km Buffer Point Identification

Point ID Relevant EPBC Springs Relevant Hydrostratigraphic Unit
LL Lucky Last Hutton Sandstone
SC Scotts Creek Hutton Sandstone
DR8 Dawson River 8 Hutton Sandstone
B/DR2 D:vsgg:ﬁic\)/sesr 5 Evergreen Formation
CcC Cockatoo Creek Evergreen Formation

On-tenure Springs overlying Walloon Coal Measures Development

The method will not provide early warning for impact to springs that are on-tenure. Instead,
the relevant numerical groundwater flow model will be used to predict drawdown associated
with CSG development at the spring. The model year ten years prior to that which the model
projects 0.2m drawdown in the spring will be used to determine the drawdown limit at
monitoring bores in the same aquifer, in a similar manner to off tenure springs. Ten years is
considered to be a sufficient time buffer since the following estimates are made:

» Investigation of drawdown: 1 year

» Development of management strategy: 2 years

+ Implementation of management strategy: 2 years
+ Contingency: 5 years

There are two springs identified on Australia Pacific LNG EIS tenure, however neither of
these are associated with EPBC-listed species. Both are believed to be sourced from the
Gubberamunda Sandstone (Klohn Crippen Berger 2012, Hydrogeological Attributes
Associated with Springs in the Surat Cumulative Management Area, Final Report, prepared
for the Queensland Water Commission).

2.1.2 Groundwater Drawdown Limits

Using the method outlined in Section 2.1.1, groundwater drawdown limits have been
determined for Australia Pacific LNG groundwater monitoring bores in the aquifers of spring
provenance in close proximity to the EPBC springs. According to Geoscience Australia
(2011), the source aquifers for these spring are as follows:

e Scotts Creek — Hutton Sandstone/Eurombah Formation
¢ Dawson River 8 - Hutton Sandstone/Eurombah Formation
e Cockatoo Creek — Evergreen Formation
¢ Boggomoss - Evergreen Formation
e Dawson River 2 - Evergreen Formation
e Lucky Last — Hutton Sandstone/Precipice Sandstone
commercial-in-confidence Q-LNGO01-95-MP-0147
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For the purposes of determining drawdown limits, it has been assumed that all springs are
sourced from their respective units in the numerical groundwater flow model. Although the
Eurombah Formation lies above the Hutton Sandstone, GA (2011) indicate that the source
aquifer is more likely to be the Hutton Sandstone, with the springs discharging where
recharge encounters lower the permeability material of the Eurombah Formation. The Lucky
Last springs were assumed to all emanate from the Hutton Sandstone, which is conservative
since depressurisation effects will be delayed in the Precipice Sandstone relative to the
Hutton Sandstone due to the intervening Evergreen Formation aquitard.

The modelled hydrographs for each of the 20km buffer points are provided as Figure 4.
Modelled hydrographs are provided for Scotts Creek and Lucky Last springs. The Dawson
River 2 and Cockatoo Creek springs are not predicted to be impacted and drawdown at
Dawson River 8 is not modelled to exceed 2cm, which is beyond the resolution of a regional
scale model and within the range of diurnal variation exhibited by most of the aquifers. It is
noted that the draft UWIR states that the Luck Last spring complex is the expected to be the
site that is most affected by CSG activities, rather than the Scotts Creek spring predicted by
the Australia Pacific LNG numerical model. Undertaking detailed investigations into
hydrogeology associated with the springs is not a requirement of the Stage 1 CSG WMMP,
rather it is a requirement of Conditions 70 and 71. These investigations have commenced
through the Queensland Water Commission, as acknowledged by Departmental reference
2011/05777 2011/06033. Neither the Australia Pacific LNG numerical model nor the
Queensland Water Commission model predictions include management measures which
could be used to mitigate modelled drawdown at potentially impacted springs. Mitigation
plans are not a requirement of the Stage 1 plan, but will be addressed in the Stage 2 plan in
accordance with the management actions required by Condition 53.c.vi. These mitigation
measures will conform to the requirements of Section 8.5 of the Queensland Water
Commission Underground Water Impact Report.

Table 3 provides the year in which the model projects 0.2m drawdown at the 20km buffer
point and the drawdown predicted at each of the relevant Hutton Sandstone groundwater
monitoring bores at that time.

Figure 7 shows the locations of the EBPC springs in relation to the existing and proposed
Australia Pacific LNG groundwater bores monitoring the Hutton Sandstone, and Table 3
identifies the relevant monitoring bores, modelled drawdowns at the trigger years for each of
the relevant monitoring bores. It is noted that there are Hutton Sandstone monitoring bores
closer to the springs, however this increased proximity would result in a shorter response
period should impacts be detected. Furthermore, in most cases, the projected drawdown in
these monitoring bores is less than 0.2m and therefore within the range of natural variation.
Hutton Sandstone monitoring bores have been used in all cases as the Evergreen Formation
is regionally considered to be an aquitard and is therefore not a suitable monitoring target.
Use of the Hutton Sandstone will provide increased early warning to potential drawdown in
the Evergreen Formation.

In accordance with the methodology, the minimum projected drawdown for a monitoring bore
becomes the groundwater drawdown limit for that bore. Table 4 provides the default
drawdown limit for each of the relevant groundwater monitoring bores for the protection of
EPBC listed springs.
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It is noted that the Queensland Water Act 2000 requires the Queensland Water Commission
to develop a regional monitoring strategy that will include the identification of required
monitoring bore locations and target aquifers for all proponents currently producing or
planning production in the Surat Basin. Through the QWC strategy, other proponents will
install and monitor wells targeting the Hutton Sandstone to the north of the Australia Pacific
LNG Ramyard and Woleebee tenements, between Australia Pacific LNG production and the
Dawson River and Boggomoss springs. The locations of the Hutton Sandstone monitoring
bores required by the QWC monitoring strategy (draft) are shown on Figure 7.

Australia Pacific LNG will develop default drawdowns for the relevant Hutton Sandstone
bores once these locations are finalised. The monitoring data will be available to Australia
Pacific LNG through the QWC and directly between the proponents via groundwater
monitoring data sharing agreements and will be used to augment Australia Pacific LNG’s
dedicated monitoring network.

Figure 4 20km Buffer Point Modelled Drawdown
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Figure 5 Scotts Creek Spring Modelled Drawdown
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Figure 6 Lucky Last Spring Complex Modelled Drawdown
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Figure 7 Locations of Australia Pacific LNG Hutton Sandstone Monitoring Bores
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Table 3 Modelled Trigger Years and Associated Monitoring Bore Predicted
Drawdowns

Spring Complex 20km Buffer Trigger Relevant Modelled Drawdown

pring P Point ID Year Monitoring Bores (m)
Meeleebee-MB2-H 0.9

Reedy Ck-MB3-H 1.6

Scotts Creek SC 2032

Reedy Ck-INJ3-H 1.5

Carinya-MB5-H 1.6

Dawson River 8 DR8 2032 Meeleebee-MB2-H 0.9
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Reedy Ck-MB3-H 1.6
Reedy Ck-INJ3-H 1.5
Carinya-MB5-H 1.6
Carinya-MB5-H 1.2
Condabri-MB9-H 25
Condabri-INJ4-H 1.8
Cockatoo Creek CC 2037 Talinga-MB6-H 1.6
Talinga-MB3-H 1.8
Dalwogan-MB5-H 1.6
Orana-MB6-H 1.0
Carinya-MB5-H 1.2
Condabri-MB9-H 25
Condabri-INJ4-H 1.8
Boggomoss B/DR2 2037 Talinga-MB6-H 1.6
Talinga-MB3-H 1.8
Dalwogan-MB5-H 1.6
Orana-MB6-H 1.0
Carinya-MB5-H 1.2
Condabri-MB9-H 25
Condabri-INJ4-H 1.8
Dawson River 2 B/DR2 2037 Talinga-MB6-H 1.6
Talinga-MB3-H 1.8
Dalwogan-MB5-H 1.6
Orana-MB6-H 1.0
Meeleebee-MB2-H 0.6
Lucky Last LL 2027 Reedy Ck-MB3-H 1.0
Reedy Ck-INJ3-H 1.0

Table 4 Default Drawdown Limits for the Protection of EPBC Springs

Monitoring Bore Monitoring Bore Completion Default Drawdown (m)
Status

Meeleebee-MB2-H 2013 0.6
Carinya-MB5-H 2013 1.2
Condabri-INJ4-H Completed 1.8
Condabri-MB9-H Completed 25

Reedy Ck-INJ3-H Completed 1.0

Reedy Ck-MB3-H Completed 1.0
Talinga-MB3-H Completed 1.8
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Talinga-MB6-H 2013 1.6
Dalwogan-MB5-H 2013 1.6
Orana-MB6-H 2013 1.0

2.2 Aquifer Connectivity Studies

Australia Pacific LNG is undertaking a number activities to assess connectivity between
aquifers. These studies are described in Subsidence, Aquitard Integrity and Aquifer
Interconnectivity Project Plan Q-LNGO01-10-MP-0018 (attached) and includes:

¢ Nested Monitoring Bores

e Springbok Sandstone Detailed Characterisation

e Aquitard Laboratory Testing

¢ Field Hydraulic Testing

e |sotopic Characterisation of Aquifers and Aquitards
e Ad Hoc Assessment - Formation Pressure Testing

Part of the Talinga field is an existing CSG operation and has been in production since 2008.
It is a focus site for interconnectivity studies since it is already in operation. A nested site
comprising Gubberamunda Sandstone, Westbourne Formation, Springbok Sandstone, and
Hutton Sandstone monitoring bores is in operation at Talinga (the Precipice Sandstone is not
present at this location). A Walloon Coal Measures monitoring well has been drilled at the
site and is awaiting the installation of multi-level gauges. There is a second operational site
in the Talinga field with a Gubberamunda and Springbok Sandstone nest.

Core collected during the drilling of the Talinga monitoring bores was submitted for
centrifuge permeameter analysis of vertical permeability.

A second focus site has already been established at Reedy Creek, with development at
Reedy Creek commencing during the period of applicability of this plan.

2.2.1 Potential wellbore pathways

While the total number of groundwater monitoring bores is significant, only 87 are drilled
through multiple formations and therefore have any potential for formational interconnection
resulting from potential well integrity issues. Furthermore, the monitoring nature of the wells
minimises the equipment and activities within the casing and the subsequent stress on the
construction. These deeper monitoring bores are constructed using the same techniques as
CSG wells, which are open to only one formation and isolate all other strata and aquifers.
Compared to the project approval for up to 10,000 CSG wells, the likelihood of significant
aquifer interconnection through monitoring bores can be seen to be very low. However, any
interconnectivity would manifest through pressure or quality fluctuations which, again given
the monitoring purpose of the bores, would be detected during analysis of the monitoring
data.

It is therefore suggested that the monitoring of CSG well integrity is most relevant.
Significant formational interconnectivity in a CSG well would manifest as the production of

excess water, which is highly undesirable due to the extra financial burden on a CSG
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operator through the increased cost of water treatment and lower gas recovery. These
drivers provide a significant financial incentive for APLNG to ensure that well annuli are
properly sealed.

The State government through the (then) Gas Inspectorate of the Department of
Employment, Economic Development and Innovation initiated a major review of these issues
with all CSG operators in 2010 under a Compliance Direction and Information Notice
process. The matters were discharged to the government’s requirements through extensive
well review risk assessment. While the DEEDI process focussed on integrity from a gas
perspective, industry pro-actively addressed both gas and water integrity through the
development of the Code of Practice for Constructing and Abandoning Coal Seam Gas
Wells in Queensland (http://mines.industry.gld.gov.au/assets/petroleum-
pdf/csg_code_of_practice.pdf) and the Code of Practice for Coal Seam Gas Well Head
Emissions Detection and Reporting (http:/mines.industry.qld.gov.au/assets/petroleum-
pdf/code_practice_well_leak_class.pdf).

Origin has Asset Integrity Engineering Practices and Asset Integrity Management Plans
covering all asset categories, with a stand-alone practice for Well and Wellhead Integrity
covering materials specifications, inspection and testing regimes, management of change,
and compliance and assurance measures. Engineering practices and plans are ‘live’ version
controlled documents which change regularly in response to new materials and procedures
to ensure, amongst other issues, compliance with regulatory requirements and codes of
practice. Australia Pacific LNG will provide details of its CSG Well and Wellhead Integrity
plan in the Stage 2 CSG WMMP

2.2.2 Connectivity between the Walloon Coal Measures and the Condamine
Alluvium

Figure 8 shows the locations of bores licensed to use water from the Condamine Alluvium
relative to the location of APLNG tenure. As can been seen, the large-scale use of the
Condamine Alluvium, which is where the alluvial aquifer is at its thickest, is not located within
APLNG tenure, and is offset from the areas that will be developed between the present and
the end of 2015 by over 70km. The proposed 3 year staging (review) of the Stage 1 plan
should effectively mitigate any residual risk associated with this issue, as future
requirements can be informed by specific studies currently being undertaken by Arrow
Energy, the Queensland Water Commission, and the State government.

APLNG is monitoring State-owned groundwater monitoring bores in the alluvium close to its
tenure. Three nested sites are scheduled as part of the regional Groundwater Monitoring
Plan in the Orana tenement and focussed studies as part of the Condamine River Gas seep
investigations will include the installation of additional nested monitoring bores focussing on
the Walloon Coal Measures and Springbok Sandstone.
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Figure 8 Location of Australia Pacific LNG tenements relative to groundwater use
from the Condamine Alluvium
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2.3 Aquifer Reinjection

Australia Pacific LNG is currently undertaking trials to assess the technical and economic
feasibility of aquifer injection. A structured program of investigation has been developed and
is detailed in the Australia Pacific LNG Upstream Phase 1 Aquifer Injection Feasibility
Studies Q-LNGO01-95-MP-0146 (attached). In summary the program comprises of:

e Assessment of 3 different aquifers across four locations

e Coring of the target aquifer to obtain samples for physical geochemical and
mineralogical analysis

e Completion of the corehole as an observation bore for the pumping and injection
tests. The observation bores will be test pumped to provide indicative aquifer
transmissivities and for the collection of water quality samples

e |[nstallation of trial injection bores. Trial bores will be nested to minimise the
disturbance footprint, but will target one aquifer each.

e Extended duration test pumping of trial bore

e Design, commissioning and operation of a reinjection treatment plant, comprising
filtration, degasification and UV sterilisation

e Injection trials of between 30 days and 1 year per trial, with up to nine individual trials
planned.
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24 Early Warning Indicators

Although the drawdown limits are a value applied at relevant monitoring bores, model
hydrographs have been generated for each of the relevant monitoring bores (Figure 9) from
the numerical model. These model hydrographs can be compared with the monitoring
results to assess conformance or deviations from what was projected.

The monitoring strategy will comprise multiple approaches: (1) observed drawdown exceeds
modelled drawdown, (2) hydrograph comparison trigger and (3) change in trend trigger. This
is shown diagrammatically in Figure 10.

(1) Modelled hydrographs are required to be generated for each monitoring bore in order to
determine default drawdown values. If actual drawdown measured in a relevant monitoring
bore exceeds modelled drawdown an investigative response is initiated.

(2) Actual monitoring bore data can be compared with these modelled hydrographs. If
monitored trends exceed modelled trends, an investigation would be triggered.

(8) However, it is recognised that if drawdowns were less than modelled in the early period
of operations, an increasing drawdown rate may not trigger an action for several years.
Therefore, as an extra safeguard, an increase in drawdown trend in excess of 10% over the
previous year has also been specified as a trigger for follow-up investigation. In accordance
with the Groundwater Monitoring Plan data analysis protocol, monitoring data will be
analysed using statistical methods (e.g. regression analysis, non-parametric Man-Kendall
test for trend and Sen’s non parametric slope estimator, CUSUM/Shewart control charts) to
determine the magnitude and direction of trend in measured water levels.

This multi-trigger approach initiates investigations in response to short and long term trends
that an average trend for the whole times series would not. The response will be to
investigate through the investigation and response process outlined in Figure 12 and
described in the Australia Pacific LNG Groundwater Monitoring Plan.

commercial-in-confidence Q-LNG01-95-MP-0147

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 « www.aping.com.au 20



Stage 1 CSG ®e
Water Monitoring and Management Plan

AUSTRALIA

PACIFIC
LNG

Figure 9 Modelled Monitoring Bore Hydrographs
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Figure 10 Schematic of Monitoring Trend Triggers to Initiate a Follow-up Response
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2.4.1 Trigger Values for the Walloon Coal Measures

The Australia Pacific LNG project, as approved by EPBC 2009/4974, is a coal seam gas
development targeting the Walloon Coal Measures. In order to produce the CSG, the
reservoir must be depressurised to allow the methane to desorb from the coal seams. By the
end of the gas production, reservoir pressures are expected to be approximately 50psi
(35mH,0) above the top coal seam. It is this depressurisation that is the source of potential
drawdowns in overlying and underlying aquifers that could potentially impact on EPBC
springs. A target pressure of 35mH,O above the top coal seam was used to drive the
depressurisation in the Australia Pacific LNG numerical groundwater flow model
(WorleyParsons, 2010) and a similar approach was used by the Queensland Water
Commission in its modelling.

Since the development of drawdown triggers and limits is inextricably linked to the model
from which they are derived, a means of comparing modelled depressurisation profile with
actual depressurisation is needed to ensure that drawdown in the reservoir is neither greater
in magnitude nor earlier than what was assumed in the modelling.

Modelled drawdowns for the existing and planned Australia Pacific LNG Walloon Coal
Measure monitoring bores are shown on Figure 11. The magnitudes of the drawdown are
directly linked to depth to the top of the Walloon Coal Measures at that location and the
offsets in the start of drawdown relate to the modelled development scenario and the offset
from the field. Locations for the monitoring bores are provided in Appendix C.

By comparing the modelled hydrographs with monitoring hydrographs an assessment of the
model assumptions can be made, which can be used to assess the potential risk of
drawdown at EPBC springs being greater or earlier that those used to derive default
drawdowns. The methods used to compare the modelled and actual drawdowns will be the
same as the early warning indicators used for monitoring bores (Section 2.4), and the follow-
up response will follow the outline provided as Figure 12.
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Figure 11 Australia Pacific LNG Walloon Coal Measure Monitoring Bore Model
Hydrographs
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2.4.2 Response Actions

Drawdown in a monitoring bore equal to that of the drawdown limit, or exhibiting an
unacceptable trend, will trigger an investigation through the investigation and response
process outlined in the Australia Pacific LNG Groundwater Monitoring Plan (Australia Pacific
LNG Upstream Phase 1 Groundwater Monitoring Plan, Q-LNGO01-10-MP-0005) and
reproduced in Figure 12. Trigger level drawdowns will prompt an assessment of cause and
appropriate action, which is described in detail in the groundwater monitoring plan.

Should the investigations indicate that the impact is due to Australia Pacific LNG operations,
mitigation measures that could be implemented may include:

¢ Modification of the mode of CSG/associated water production. That is, modifying the
staging of production in areas that could influence the drawdown at EPBC springs,

¢ Injection of water in the source aquifer in proximity to the springs, or

e Augmentation of spring flow at the spring discharge point.

The appropriate measure would need to be determined based on the assessment, and are
unlikely to be able to be considered in isolation of other proponent’s activities. All of the
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options, however, are relatively short lead time actions compared to the time to propagate
any potential impact from CSG operations to the springs under any foreseeable
circumstances.
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Figure 12: Investigation and Response Framework
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3. Hydraulic Fracturing

Hydraulic Fracture Stimulation, hydraulic fracturing or 'fraccing’ is a process used to increase
effective permeability in many subsurface scenarios, including water wells, geothermal wells,
conventional oil and gas wells, shale oil or shale gas wells and coal seam gas wells.

In the CSG industry fraccing is a completion process to unlock the gas in coal seams, in
order to increase the flow of gas and water within the coal seams or in some cases to make
a good permeable connection from the wellbore to the coal seam formation. Fraccing can
enables a more effective release of gas and water from underground gas reservoirs and also
increases the drainage area of the well, with potentially increased gas production from each
well through the process.

A fluid called fraccing fluid, or frac fluid, which primarily consists of water and sand (about
99% by Vol), is pumped into the well under pressure. The aim of the frac is to connect
existing fracture networks by opening and, creating new fractures in the coal cleat structure,
and deposit sand (proppant) in these fractures. The sand props open the filled fractures
which create a permeable pathway for gas and fluids to flow more easily into the wellbore for
extraction.

Frac Fluids are engineered and designed to deliver sand to the formation, then increase the
effective permeability of the formation to allow flow back of the frac fluids and increased
productivity of the target fluid, whether it is water, gas or oil.

The development phase of drilling in stage 1 of the Australia Pacific LNG (first 5 years), does
not use fraccing as a completion technique. Fraccing of development wells is expected to
start post stage 1, after 2019.

Hydraulic fracture stimulation, hydraulic fracturing or fraccing is an existing, proven and
accepted well completion technology to increase the flow of fluids and gas from the target
formation to the wellbore.

Fraccing is not new to Australia, and has been used on an ongoing basis for more than 40
years in Australia. CSG wells have been completed with fraccing technology for in excess of
ten years in Australia, and in excess of thirty years worldwide. Fraccing ( Hydraluic Fracture
Stimulation ) are performed on a global basis and on a diverse range of wells including,
water wells, gas conventional oil and gas wells, coal seam gas, tight gas and geothermal
wells. More than two million fracs have been performed in the last 60 years.

The QLD government also have an extensive audit and enforcement group based in
Toowoomba which focus on CSG fracs.

It is safe to say that we eat, drink come in contact with or wash in the chemical additives that
we use in fraccing. Much of the frac fluid contents are brought back to surface, and the small
percentage of chemcials can also degrade thru temperature and bacterial action. During the
course of the fraccing process, the chemicals are further diluted when injected into the coal
seams by the formation water already present in the seams.

To restrict frac fluids and gas from entering surrounding aquifers, rigid design standards are
followed and well integrity is confirmed prior to fraccing. All wells have multiple steel casings
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with cement sheaths that isolate surrounding formations from each other and the well bore.
The wellhead system used is designed specifically to manage the fraccing process

The disclosure list for 2011 is in Table 6. The list of chemicals planned for 2012 onwards is
contained in Table8.

Chemicals are often used in fraccing for the same reason they are used in food and
household products, being water conditioning and viscosity management, just as the same
chemicals do in salad dressing (suspend the herbs, make it viscous), shampoo and other
personal care products (ensure correct pH range or biocides to stop products degrading).
The chemicals do not necessarily maintain in their original state, and can be used /
consumed during the process.

The chemicals used are not generally discrete, in come in the form of products and
additives, which are mixed and pumped down hole in real time as used (Chemicals are
~0.33% by vol of the frac fluid).

Each product / additive has specific role to ensure the sand is delivered to the formation. The
sand volume generally ranges from 5% to 10% by volume, and water and sand volume is
~99.67% by vol of the frac fluid for the low perm development fracs that will eventually occur
in the fields covered by this plan.

The produced fluids flow is from the surrounding formations to the wellbore, to the wellhead
and to the associated production facility (development) or production tank (exploration) via
flow lines.

Fraccing is not able to produce limitless fractures, and there are strong engineering controls
in place to limit the size shape of the fracture system.Australia Pacific LNG uses a
combination of two types of fraccing, namely water fraccing and gel fraccing. Both methods
of fraccing use treated water, sand and a small amount of additives in the fraccing fluids
used during the process. In more recent operations, gel fraccing has been primarily used as
the fluid is thicker and therefore carries more sand enabling fractures to be created and
propped open using less water. Additives used in tracing fluids can include acids, biocides,
breakers, crosslinkers, gelling agents, iron control, surfactants, pH control, solvents and
stabilisers.

3.1 Estimated Number, Spatial Distribution, Location of Wells for Hydraulic
Fracture Stimulation activities

3.1.1  Drilling Schedule 2011 to 2041

The drilling schedule in this period has several phases. Phase 1 will focus on the drilling of
development wells of higher permeability and productivity which generally do not require
hydraulic fracture stimulation. These wells will provide the initial base supply of gas for the
LNG Train. Subsequent to phase one the there will be a number of lower permeability areas
will be drilled which will require an increased number of wells to undergo hydraulic fracture
stimulation which will be used to sustain gas flows to the LNG trains. There will be a
reduction in the number of wells being drilled over time, and an increased proportion of wells
which will require hydraulic fracture stimulation over time, with the wells being fracced
predominantly in the 2020 to 2041 period. Table 5 provides tabulated data for the number of
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wells in each field and their percentage of wells in that field over the drilling schedule in 5
year windows. There is a build up of wells to be fracced during 2020 to 2021, with one
hundred wells, then approximately two hundred in fifty in 2021 to 2026, then averaging in the
range of 400 to 600 wells per five year period from 2026 to 2041, which is 80 to 120 wells
per year, in the second half of the project.

Table 5 Wells to Undergo Hydraulic Fracture Stimulation by Field and 5 Year

Intervals
Number of Wells requiring Hydraulic Fracturing
Field % Frac
Wells
2011-16 | 2016-21 2021-26 | 2026-31 2031-36 | 2036-41

Pine Hills 0% 0 0 0 0 0 0
Combabula 0% 0 0 0 0 0 0
Reedy Creek 0% 0 0 0 0 0 0
Condabri South 0% 0 0 0 0 0 0
Condabri Central 0% 0 0 0 0 0 0
Condabri North 0% 0 0 0 0 0 0
Talinga 0% 0 0 0 0 0 0
Orana 0% 0 0 0 0 0 0
Talinga North 0% 0 0 0 0 0 0
Dalwogan 60% 0 100* 140 0 0 0
Gilbert Gully 50% 0 0 463 0 0 0
Woleebee (Ramyard) 50% 0 0 0 143 0 0
Ramyard 60% 0 0 0 288 0 0
Kainama 50% 0 0 0 0 142 0

*These fracs are scheduled for 2020 and 2021

3.1.2 Spatial Distribution of Wells with Time 2011 to 2041

During Phase 1 of the project there are no development wells planned to have fraccing
included in the completion technology. After 2020, the wells which undergo hydraulic fracture
stimulation are primarily around the central and existing fields / facilities developments, then
spread out to north and south extremities of the concessions. Approximately half of the fields
will not have hydraulic fracture stimulation activities; the other half will contain the HFS
activities along with conventional wells. The fields which will have fracced wells are identified
in Table 5 and the locations of each of the fields are shown on Figure 1.
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3.2 Constituent Components of the Hydraulic Fracturing Fluids

Table 6 provides a detailed disclosure of the proposed chemicals to be used. It covers what
was used in the Low Permeability Exploration Frac Program for 2011and scheduled to be
used in 2012. The exploration program accounts for a very small percentage of frac jobs
over the life of the project, roughly 10 to 25 wells per year from 2010 through 2015.

The most common frac mix will be that shown as Low Permeability Development, this will be
used in development wells that require a frac type completion post 2019.

BTEX is pervasive in modern society; not only is it contained in many common products with
which we come in contact with, BTEX emission occur from a wide range of industries and
societies daily activities. Please refer to BTEX emissions table 2009 to 2010. Data for this
graph was sourced from Australian Federal Government reporting documents.

The transport mechanism for any BTEX associated with CSG to reach sensitive receptors,
such as a large population is completely overwhelmed by the production of BTEX in cities,
especially larger industrialized cities like Brisbane, where the transport mechanism is direct
to the public via inhalation.

See legislation in italics below, BTEX is not added to frac fluids as discrete elements.

Frac fluids have similar conditions, to water as per the Australian drinking water standards,
ie a max limit. The ADW water standard for is 1ppb for benzene, the same applies to frac
fluids. It is also noted that waterways including where swimming occurs has a Benzene limit
of several hundred times higher than frac fluid.

The legislation states that BTEX is prohibited to be included in stimulation fluids above
regulated limits. Australia Pacific LNG can confirm that it is in compliance with this
regulation. Australia Pacific LNG can confirm it is in compliance with legislation regarding the
use of chemicals, prohibited or otherwise.
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Excerpt from Qld Environmental Protection Act 1994, section 312W:

312W Statutory conditions of environmental authority (chap-er
5A activities)

i1

commercial-in-confidence

An enwvironmental authonty (chaper 3A activities) is taken 1o
mclede ¢ comhiten prohibiiige the use  of  restrcted
stimulation Fluids.

_|';'|'..l.|l||h'.l_

the vse of hydrecarbon chemzals to stimmlne the fraciaing ol cioal

=00
[n tlis secion—

restricted  stiadation flaids means fluids wsed  For the

purpose o stimulation, including fractunng, that contain the

following chemicals in more han the masimurm  amount

preszribed under a regulation—

(a)  petroleum hydrocarbons contaming benzzne,
ethy benzene, toluene, or Xy ene;

(b chemcals that proddece, or are hikely 1o prodice,

bensene.  ethylbenzene, toluene or xylens as the
chemical breaks down in the environment.
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Excerpt from Qld Environmental Protection Regulations 2008

81B Prescribed maximum amount for chemicals—Act, s 312W

e

AUSTRALIA
PACIFIC
LNG

(17 For sectiom 312W0(2¥a)y of the Act, delimtion restricted

stimmlation flrids, the prescribed maximum amounts ang as

[l s—

(H)

(b}

()

id)

i)

for benzene—I1 part in a billion in any chemical
additive, or combination of chemical additives., mcluded
i the restricted stimulation Muid;

for ethylbenzene—30 parts in a billion in any chemical

additive, or combination of chemical additives, included

i the restricted stimulation fToid:

for twluene—I80 parts in a hillion in any chemical

additive, or combination of chemical additives, included

i the restricted stimulation Duid;

for m-xylene—75% parts in a billion in any chemical

additive, or combination of chemical additives, meluded

i the restricted stimulation Muid;

for o-xylene—350 parts in a billion in any chemical

additive, or combination of chemical additives, included

i the restricted stimulation fuid:

for p-xylene—2000 parts in a billion in any chemical

additive, or combination of chemical additives. included

i the restricted stimulation uid.

following as it breaks down in the environment—

(H)
()

(<l
(d)
el
i

La- o
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| part in a billion of benzene;

80 parts in a ilhon of ethylbenzene:

| =il parts ina billion of toluene:

73 parts in a billion of m-xylene;

330 parts ina billhion of o-xylene;

200 parts in a billion of p-xylene.
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stimifation fTrids, the prescribed  maximum amount of a
chemical is the amount of the chemical that produces or
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Australia Pacific LNG uses a combination of two types of fraccing, namely water fraccing and
gel fraccing. Both methods of fraccing use treated water, sand and a small amount (<1.3%)
of additives in the fraccing fluids used during the process. In more recent operations, gel
fraccing has been primarily used as the fluid is thicker and therefore carries more sand
enabling fractures to be created and propped open using less water. Additives used in
tracing fluids can include acids, biocides, breakers, crosslinkers, gelling agents, iron control,
surfactants, pH control, solvents and stabilisers.

3.2.1 Fracturing Fluids

The composition of fracturing fluids varies in order to meet the specific needs of each
fracturing operation. The fracturing fluid is typically around 98% water and proppants
(typically Sand/Quartz) and around 2% chemical additives. The inventories of chemicals
supplied by Australia Pacific LNG's current fraccing contractor lists the additives used in the
fraccing fluid or gel. In accordance with Australian Government guidelines, Australia Pacific
LNG has put in place procedures to ensure BTEX is not used in fraccing fluids in
concentrations greater than Queensland Government Legislation. Recent testing has
confirmed proposed frac fluids contain concentrations below Australian Drinking Water
Standards, and as such this has not been assessed further. As very limited human health
toxicity data is available for the chemicals of potential concern (COPC) used in the hydraulic
fracturing fluid, eco-toxicity data have been utilised to developing screening criteria. A
limited number of the utilised chemicals have potential toxicity assuming direct exposure
using these screening criteria (an extremely conservative assumption in the context in their
isolation within the coals). However, these COPC are either acceptable as food grade
at the concentrations used or are likely to be degraded and/or neutralised within very short
time scales within groundwater. As such, in the context of their short term persistence and
isolation to the coal seams, these are unlikely to pose a plausible hazard. It is estimated that
approximately 60-80% of the hydraulic fracturing chemicals will be recovered during well
development, and notwithstanding the anticipated neutralisation and degradation, there will
be several orders of magnitude dilution within the coals. A programme of monitoring is
required to validate these assumptions, particularly in relation to the limited persistence of
the COPCs.

During the process, narrow cracks (fractures) expand outward from the perforations that
serve as flowing channels for natural gas trapped in the formation to move to the wellbore.
The main "frac" can have small branches connected to it. The placement of proppant keeps
the newly created fractures from closing. Hydraulic fracturing begins with a transport fluid
pumped into the production casing through the perforations and into the targeted formation at
a sufficient rate and pressure to initiate a fracture; i.e. to crack the rock. This is known as
"breaking down" the formation and is followed by a fluid "pad" that widens and extends the
defined fracture within the target formation up to several hundred feet from the wellbore. The
expansion of the fractures depends on the reservoir (including rock properties, boundaries
above and below the target zone, the rate at which the fluid is pumped, the total volume of
fluid pumped, and the viscosity of the fluid (but the induced fractures are typically 5-20mm in
width).

An inventory of chemicals to be use by Australia Pacific LNG is listed in Section 3.2.2. Water
is the primary component for most hydraulic fracture treatments (for both water and gel
systems), representing the vast majority of the total volume of fluid injected during fracturing
operations. The proppant is the next largest constituent. Proppant is a granular material,
usually sand, which is mixed with the fracture fluids to hold or prop open the fractures that
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allow gas and water to flow to the well. Proppant materials are selected based on the
strength needed to hold the fracture open after the job is completed while maintaining the
desired fracture conductivity.

In addition to water and proppant, other additives are essential to successful fracture
stimulation. Chemical additives may consist of acids, surfactants, biocides, bactericides,
pH stabilizers, gel breakers, in addition to both clay and iron inhibitors along with corrosion
and scale inhibitors. A number of these ingredients are essential to maintain well integrity
over the production lifetime.

The fracturing fluid is a carefully engineered and formulated product. Service providers vary
the design of the fluid based on the characteristics of the reservoir formation and
specified operator objectives. The composition of the fracturing fluid will vary by basin,
contractor, and well. Situation-specific challenges that must be addressed include scale
build-up, bacteria growth, proppant transport, along with fluid stability and breakdown
requirements. Addressing each of these criteria may require specific additives to achieve the
desired well performance; however, not all wells require each category of additives.
Furthermore, while there are many different formulas for each type of additive, usually only
one or a few of each category is required at any particular time.

The hydraulic fracturing operations require the temporary installation and use of surface
water storage equipment, chemical storage, mixers, pumps, and other equipment at the well
site. Additives are normally delivered in a concentrated (solid or liquid) form, in sealed sacks,
tanks, or other containers. Water is delivered in tanker trucks or via dedicated waterlines.
The water may arrive over a period of days or weeks and may be stored on site in tanks or
lined pits. Blending of the fracture fluid occurs as pumping of the fracture stimulation is
underway, so that there is no lengthy on site storage of pre-mixed fracturing fluid.

3.2.2 Inventory of Additives

From November 2010 through May 2011, Australia Pacific LNG undertook a review of its frac
process, the additives and associated chemicals to be used in the planned low permeability
explorations frac wells for 2011 and early 2012. The hydraulic fracture stimulation fluids
design changes included several changes, including the elimination of several chemicals
which could be potentially used; these reductions included Naptha, orange oils (terpenes and
terpenoids), ethanol, and the biocide bronopol.

APLNG maintains a web listing of the frac chemicals that may be currently in use, this is
updated as and when there is a change required. This list is attached to a fraccing factsheet
and currently resides at

http://www.aplng.com.au/home/fraccing and

http://www.aplng.com.au/pdf/factsheets/Factsheet Fraccing-APLNG.pdf,

there is a link on the front page of APLNG website to fraccing. The company also maintains a
register to advise the required Federal and State departments of these changes.

There are a range of products which are engineered to perform specific functions during the
fraccing process. Frac fluids are generally formation specific, and designed for each field.
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Not all products or product types are required in each frac fluid design. Each product in a frac
fluid has a purpose, as described below:

e Biocides are designed to stop the introduction of surface bacteria into the formation.

e Clay Control products reduce the swelling of clays when fresh or overland water is
used.

e Buffers and pH control products which allow the pH of the fluid to be adjusted for
optimal performance of various products.

¢ Solvents to removes cement and drilling mud from casing

e Viscosity management products which include gels, cross linkers and breakers,
control the frac fluid viscosity. The viscosity (or thickness) of the frac fluid is
engineered to cater to specific formation characteristics and to optimise the volume of
sand placed in the coal seams. After the sand is deposited into the fractures, these
products will then reduce the viscosity to allow the fluid to flow freely when the well
comes online.

Australia Pacific LNG has taken a rigorous approach and uses the minimum number of
products and chemicals possible. During the period from 2010 to June 2011, Australia Pacific
LNG removed the surfactant group from its process. The Australia Pacific LNG fracs will be
formation water based in the phase 2 development program, and comply with the
Queensland State Government legislation pertaining to frac fluids. APLNG will provide a
sample source water dataset of waters to used for fraccing in the Stage 2 WMMP. The data
will nclude common parameters for subsurface water measurements as in place within
APLNG, field and well depth.

There exists various Federal, State and regulatory requirements on frac chemicals, there use
and effluent toxicity. Where significant change to effluent toxicity or new chemicals (not
already in use by the industry in Queensland) are to be introduced by APLNG, APLNG will
work with the WMMP department to review before these chemicals are introduced by
APLNG.

Currently there are two chemicals which have Proprietary / Commercial information
surrounding the CAS number, during 2012, APLNG worked with their suppliers to reduce the
number from three to two chemicals, and now Hemicellulase Enzyme CAS 9025-56-3 is no
longer covered under this commercial issue. The two remaining chemicals are not highly
technical chemicals with significant issues for the environment, in fact it is the opposite, they
are quite common chemicals, and this is the commercial reason behind the requirement from
the supplier. The issue is the same as famous soft drinks do not release all of the additives,
because they are simple, and their commercial leadership would be broken. APLNG will work
with the suppliers on this issue. | t should be known that APLNG have full details on these
chemicals, however under our legal agreements, we are not able to make further disclosure.
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Table 6 Frac Chemical Disclosure for 2011 Campaign (Pre-November 2011)

Group %
by volume
[EVEELE)]

CAS
Number

Group/Function

Chemical type

or name

% volume
range of
chemical in frac
fluid

Commonly found/used in household
products

% volume of
chemical in
household
products

7732-18-5  Water 86% to 97 % Drinking, bathing, cooking 100%
Sand (Proppant)/ 08.8%
Water : 14808-60-7 Crystaline silica 29 to 1% Hand cleaner, cat litter, arts & crafts, glass, 1% to 100%
[quartz/sand) ceramics, glaze
Sodium Disinfectant, bleaching agent, cleaners, water
7681-52-0 . 0.01% to 0.02%  treatment, medical use, mildew rermover, 0.1% to 20%
hypochlerite 7 !
antibacterial cleanser
W, Food preparation, soaps, detergents, toothpaste,
ater : AT =
Conditionin Sodium aftershave, face mask, teeth whitening strips,
4 oing 0.075% 1310-73-2 hydroxide 0.002% 0 0.1%  eau de cologne, body wash, face cleaning pad, 0.1% to 5%
(Microbial and : : p
(caustic soda) mildew cleaner, hair remover, chocolate and cocoa
pH control) :
processing
Vinegar, food preparation and manufacturing,
64-19-7 Acetic acid 0% to 0.1% salad dressings, pickled onions, relishes and 1% to 5%
spreads, household cleaning products
Clay 0.88% 7447-40-7 Pota{ssmm 0.75% to 1.30% Table salt substitute, Imed|clal use, hair products, 0.5% to 20%
Management chloride pet supplements, African violet food
100-43- Detergents, cosmetics, decdorant, pet products,
504 Calcium chioride 0% to 0.0002% desiccant, food additive, sports drinks, pickles, 0.1% to 90%
de-icer
26038-87-0  MEA borate 0% to 0.1% Cosmetics, hair texturizer, hairspray, antiseptic, 0.1% to 5%
laundry detergent
Cosmetics, baked goods, ice cream, toothpaste,
9000-30-0  Guar gum 0% to 0.2% s s ckoRalay, SIS bt wieat 0.5% to 20%
Gel Management  0.245% intolerant people to use instead of flour products,
cattle food, medical use
' . Food production, table salt, food additive, 0.03% to
(% 0, ]
I bl iy (heiol ol detergents, hair products, water softener 99%
proprietary  Erzyme 0% to 0.0002%  Used in laundry detergents 0.10%
Personal care, pet care, food production, home
7772-88-7  Sodium thiosulfate 0% to 0.04% aquarium health/commercial aquaculture {food), 0.1% to 30%

medical use for over 100 years.

The composition of fracturing fluids varies in order to meet the specific needs of each
fracturing operation based on local geology, but there is range of commonly used additives.
The fracturing fluid is typically around 98.7 to 99.9% % water and proppants and
approximately 0.1% to 1.83% chemical additives introduced to improve the process of
hydraulic fracturing. Chemical additives may consist of acids, surfactants, biocides,
bactericides, pH stabilisers, gel breakers and iron, clay, corrosion and scale inhibitors,
however not all additives types are used in every fracturing job. The typical concentrations in
which each type of additive is used by Australia Pacific LNG's two hydraulic fracturing
contractors is detailed in this section.

Fraccing is used in the low permeability coal seams to unlock the gas such that it can flow
from the coal seam to the wellbore. The exploration program has many purposes, and one of
them is to determine a fit for purpose HFS fluids design as required for different areas,
resulting from this, there are periodic reviews of frac performance, products, additives,
technology and associated chemicals to improve performance and environmental outcomes.

Examples of this over time have included the introduction of new mechanical blending
technology, which has enabled the viscosifier (quar gum), to be blended with water. Another
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is the use of biodegradable enzymes to “break” the gel, as opposed to harsher chemicals
which have been used in the industry.

As a result of the 2011 low permeability exploration frac program, there will be a few changes
to the possible list of chemical used in 2012. This list is currently being refined, and the draft
list is attached as Table 8.

Products may change over time due to improved technology and environmental and Table 7
below shows recent changes and planned composition of frac fluids.

Table 7 Relative Changes to Gross Frac Fluid Composition and Pie Chart of
Low Perm Development frac post 2020.

* Low Perm *Low Perm ** Low Perm ** High Perm
Exploration Frac | Exploration Frac Development Ogtion
2011 2012 ~2020+ P
Water and Sand 98.80 98.80 99.68 99.90
Chemicals 1.20 1.21 0.33 0.10
Total 100.0 100.0 100.0 100.0

Current Australia Pacific LNG Phase 2 Proposed Frac Composition by Product Type (the
viscosity management chemicals may not be used in all wells)

M Water

g

Formaton Water
91.2%

Viscosity / Gel
Management
0.245%

LiSand ® Water Conditioning

) Additives are 0.32%

©

\r Water and Sand 1’

8

99.68% J[

Water
Conditioning
0.075%

H Viscosity / Gel Management
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URS Pty Ltd (URS) has been appointed by Australia Pacific LNG to undertake an
environmental assessment of fracture stimulation procedures used to enhance coal seam
gas (CSG) extraction. This assessment was undertaken from September 2010 through Mau
2011, with initial risk assessment based on products from the 2010 frac campaign. The
following changes have occurred and generally a reduction in products associated with
reduction of surface tension was removed. The list is a potential list of chemicals to be used
however not all were used.

3.3 Toxicity

A further campaign of toxicity studies are being carried out in 2001 and 2012 on produced
fluids from frac wells to identify components produced to surface. The risk assessment is a
lie document and expect next revision due Q2 2012, to supplement and update the previous
report / data mentioned below.

The MSDS located on the Australia Pacific LNG website 2011, are for the products and
additives used.. The Hydraulic Fracture Stimulation is prepared by adding products to water
in real time, and immediately pumped down hole; at no time is the mixture stationary or
stored, it is a real time mixing and pumping process.

The concept of the EA condition was to know what potentially hazardous materials would be
on location during a frac job, as the products are stored prior to use in approved storage
containers. A products can be a mix of a single or multiple chemicals with or without water,
some may contain non chemical items such as walnut husks, to be used in 2012.

The MSDS for the products added (both fluid and dry, as opposed to the EA conditions which
ask only for the fluids added) to the water are complete and on the Australia Pacific LNG
website. The MSDS are per Australian standard, and list material which can be considered
hazardous in each product. Please note the individual chemicals are not stored as discrete
chemicals, they are products / mixes, just as salad dressing, hair shampoo and toothpaste
are a mix, and the chemicals are in each products to perform their function.

Limited human health toxicity data and limited established human health guidelines (i.e
ADWG, ANZECC) are available for the chemicals used in the fraccing fluid. Eco-toxicity
values were utilised to obtain an initial risk screening assessment for chemical components
in the fraccing fluids. A deterministic approach established by the USEPA was used to
compare toxicity to environmental exposure. The method is a simple, semi-qualitative,
screening-level estimate that identifies high- or low-risk situations.

As a conservative approach a toxicity assessment has been undertaken assuming direct
contact of a 'surrogate' receptor, as a screening exercise. In the absence of toxicity data for
human health or stock use for the majority of proposed fracturing chemicals, available
aquatic life toxicity data has been utilised.

The objective of the toxicity assessment is to identify toxicity values for the chemicals of
potential concern (COPC) that can be used to quantify risks to human health and other
environmental receptors associated with the calculated intake. The quantification of risk
requires identification of toxicity values for the COPC identified as well as quantification of
potential exposure.
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Toxicity can be defined as "the quality or degree of being poisonous or harmful to plant,
animal or human life" (NEPC 1999).

The identification of toxicity values undertaken in this risk assessment has followed ANZECC
(1992) guidance, which is in accordance with the NEPC (1999) policy. enHealth (2004)
provides a list of toxicological data sources. These are classified as Level 1 or 2 data, with
Level 1 sources recommended. In order of preference, the Level 1 sources are:

1. National Health and Medical Research Council documents and documents from
other joint Commonwealth, State and Territory organisations.

2. ADI List from the Therapeutic Goods Administration.

3. World Health Organisation (WHO) documents.

4. enHealth Council Documents.

5. National Environmental Health Forum documents.

6. International Agency for Research on Cancer (IARC) monographs.

7.  WHO/FAOQO Joint Meeting on Pesticides (JMPR) monographs.

8. NICNAS Priority Existing Chemical (PEC) reports.

9. US Agency for Toxic Substances and Disease Registry (ATSDR) documents.
10. National Toxicology Program (NTP) carcinogenicity appraisals.

11. OECD Standard Information Data Sets (SIDS) and SID Initial Assessment
Reports (SIAR).

12. USEPA Reference Doses.

Level 2 sources include peer-reviewed journals and industry publications and reference to
Level 2 sources is considered warranted where Level 1 sources do not provide applicable
criteria. The following types of toxicity values may therefore be applicable:

* ADIs or TDis, for assessment of non cancer effects (ANZECC, NHMRC and WHO);

+ Benchmark doses, for assessment of cancer effects (ANZECC);

+ Reference Concentrations (RfC), for inhalation assessment of non-cancer effects
(USEPA);

» Reference Doses (RfD), for oral assessment of non cancer effects (USEPA); and

» Cancer slope factors, for assessment of cancer effects (WHO and USEPA).

Potential threshold effects are characterised by comparing the estimated chemical intakes
with the ADis, TDis or RfDs, that represent the threshold intake for adverse health effects.
Threshold toxicity effects are assessed on the basis that there is a dose of the chemical
below which toxic effects will not occur (i.e., the threshold).
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Potential non-threshold carcinogenic effects are the estimated incremental probabilities
that an individual will develop cancer over a lifetime as a result of the estimated exposure to
the COPC. When a carcinogenic slope factor is used to evaluate health risk, it is assumed
that any exposure to the chemical will, in theory, result in an increased risk or probability of
developing cancer. The higher the carcinogenic slope factor, the more potent the chemical,
and the greater the calculated cancer risk for a given exposure.

The following table presents a short summary of key toxicological features of the COPC
evaluated. Table 9 presents the qualitative toxicity data selected. The COPCs have also
been classified into food grade and non-food grade chemicals. Non-food grade chemicals
are used to describe chemicals which have acute toxicity (i.e. used in biocides). Food grade
chemicals are COPCs which are typically used in food stuffs, with limited or low toxicity.
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Table 9 Summary of Toxicity of COPCs used by Halliburton

Sodium Hypochlorite

Sodium Hypoclorite is a component of the biocide used in the fraccing
fluid. Inadequate information is available with regard to the
carcinogenicity of sodium hypochlorite. Hypochlorite salts are not
classifiable as to their carcinogenicity to humans. As such, sodium
hypochlorite exposures are evaluated on the basis of potential threshold
effects. Risks from chronic and subchronic exposure to low levels are
minimal and without consequence to human health. Acute exposure to
high concentrations to sodium hypochlorite can cause severe eye and
skin injury.

If released into water, Sodium Hypochlorite is not expected to
adsorb to suspended solids and sediments based on the Koc of
0.115.

Sodium Hydroxide

Sodium Hydroxide is a component of the biocide used in the fraccing
fluid. The USEPA have reported that sodium hydroxide is not
carcinogenic or mutagenic, as studies in mice and rates showed no
cancer effect. As such sodium hydroxide exposures are evaluated on
the basis of potential threshold effects. Sodium hydroxide is corrosive
and irritating to the skin, eyes and mucous membranes. Human
poisoning cases indicate less than 10 grams taken orally is fatal.

Sodium Hydroxide rapidly dissolves and dissociates in water.
Biodegradation is negligible. Studies show that if sodium hydroxide is
emitted to wastewater that is to be treated in a biological sewage
treatment plant, virtually the total amount will end up in the effluent, as
sorption to the sewerage treatment plant sludge will be negligible.

If released into the water, sodium hydroxide is not expected to adsorb
to suspended solids and sediments based on the Koc range of 0 to 50

Acetic Acid

Acetic acid is used for the pH adjustment in the fraccing fluid.
Inadequate data is available to classify acetic acid with regard to its
carcinogenicity to humans. As such acetic acid exposures are evaluated
on the basis of potential threshold effects. Primary effects associated
with acetic acid exposure include irritation to the eyes, skin and
respiratory system. Chronic exposure to acetic acid mist can result in
dermatitis and ulcerations.

Acetic acid readily biodegrades and was found to degrade >90% after 3
days using an activated sludge test. Based on a Koc range of 6.8 to 228,
Acetic acid is not expected to adsorb to suspended solids and sediment
while in water.
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Monoethanolamine Inadequate toxicity data is available for monoethanolamine borate,
Borate hence boric acid will be used as the surrogate chemical.

Monoethanolamine borate ((OH)2B-O-CH2CHz-NH2; MEA-borate) is an
ester of ethanolamine (monoethanolamine or 2-aminoethanol) and boric
acid (HsBOgs). There was inadequate toxicity data in the literature for
monethanolamine borate and thus boric acid was used as a surrogate. The
reason is as follows. Firstly, the aqueous solubility of MEA-borate is freely
miscible, with a partition coefficient (in 1-octanol/water) of -1.31 (log Kow).
In aqueous solutions monoethanolamine borate is thus expected to
dissociate to form B(OH)s and OHCH2CH2NH;*. Boric acid exists in
aqueous solution in the hydrolysed form as B(OH)4 (tetraborate ion).
Secondly, the no-observed-adverse-effect level (NOAEL) in rats for boric
acid is 100 mg/kg/day (USEPA, 2004; Weir and Fisher, 1972) compared to
320 mg/kg/day for ethanolamine (USEPA, 2012 and references therein)
suggesting that the latter is relatively less toxic. Therefore, boric acid was
used as a surrogate as a more conservative estimate of
monoethanolamine borate toxicity.

References

USEPA (2012). http://www.epa.gov/dfe/pubs/pwb/ctsa/ch3/ch3-3.pdf,
Accessed 29/08/2012.

USEPA (2004). Toxicological Review of Boron and Compounds in Support
of Summary Information on the Integrated Risk Information System (IRIS);
U.S Environmental Protection Agency, U.S. Government Printing Office:
Washington, DC, 2004.

Weir, R. J.; Fisher, R. S. Toxicologic studies on borax and boric acid.
Toxicol. Appl. Pharmacol. 1972, 23 (3), 351-364.

Boric Acid Boric acid is used as a crosslinker/buffer in the fraccing fluid. According
to the USEPA, boric acid is classed as Group E Non-Carginogenicity for
Humans. Available genotoxicity studies also do not indicate mutagenic
potential. Boron is a ubiquitous element that occurs naturally in plants
and water. Humans ingest naturally occurring boron in the diet, and there
is some data to suggest that trace levels are required in the human diet.

Boric acid is very soluble in water and adheres poorly to soil. Boric acid
is considered to have very high mobility.

The Australian Drinking Water guideline level for Boron is 4mg/L.

Sweet Orange Oil/ Sweet orange oil is used as a surfactant in fraccing fluid. Sweet orange
Terpenes/Terpenoids oil (as D-Limonene) is not classifiable as to its carcinogenicity to humans
Only used in 2010, no (Group 3) by the USEPA. As such exposures are evaluated on the basis
longer included in frac | Of potential threshold effects. Sweet orange oil is of low acute toxicity.
program. D- limonene is a naturally occurring chemical which is the major
component in oil of orange. Currently, D-limonene is widely used as a
flavour and fragrance and is listed to be generally recognized as safe in
food by the US Food and Drug Administration (US FDA). The primary
effects associated with exposure are skin and gastrointestinal irritation.

D-Limonene is reported to undergo biodegradation under aerobic
conditions, but is resistant to biodegradation under anaerobic conditions.

As very limited human health toxicity data/values and established human health (i.e. ADWG)
or ecological screening (i.e. ANZECC) guidelines are available for the COPCs used in the
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hydraulic fracturing fluid, eco-toxicity data have been utilised. The chemical toxicity studies
on fish have been used to obtain the Median Lowest Observed Effect Level (LOEL) or the No
Observed Effect Level (NOEL). If LOEL or NOEL were unavailable then Lethal
Concentration (LC50) for the COPCs were used.

Stage 1 CSG /4) o
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Table 10 Eco-Toxicity Data for Australia Pacific LNG Hydraulic Fracturing
Fluids — Halliburton

Toxicity Val
copPc Number of Studies Utilised  |Toxicity Value (ugiL)| ooy Yalue
Endpoint
Sodium Hypochlorite 5 110 LOEL
Sodium Hydroxide 1 100,000 LOEL
Acetic Acid 1 1,260 LOEL
Monoethanolamine 1 1,221,600 NOEL
Borate
Ethanol only used in 6 3,809,279 LC50
2010
Sweet Orange Oil/ 1 5,000,000 LC50
Terpenes/Terpenoid,
Only used in 2010
Sodium thiosulfate 1 24,000,000 LC50
Sodium chloride 3 226,848 LOE L
Guar gum 1 218,000 LC50
Potassium Chloride 7 1,414,214 LOEL

Calculation of risk quotients were based upon ecological effects data, pesticide use data, fate
and transport data, and estimates of exposure to the COPCs. In this method, the estimated
environmental concentration is compared to an effect level, such as an LOEL (lowest tested
dose of a COPC that has been reported to cause harmful health effects in fish).

RISK QUOTIENT= EXPOSURE / TOXICITY

Where the exposure is the peak water concentration for the chemical, and the toxicity is the
LOEL for the organism (fish). If the RQ exceeds one, then this would indicate potentially
unacceptable chemical intakes for the organism. However if the RQ is less than one, then
the chemical is considered non hazardous to fish; as such, it can be assumed to potentially
pose a low risk with regards to human health (note: no safety factors were applied to the risk
quotients). Furthermore, assessment to human health was solely based on qualitative
assumptions and any COPCs identified with an RQ>1 will be discussed in further detail
below with respect to their effects on human health.

Table 11 presents the risk quotients associated with the potential exposures of fish to the
COPCs.
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Table 11 Risk Quotients Associated with Potential Exposures of COPCs -

Halliburton
Maximum Concentration of
COPC COPC in Injection Water (mg/L) Risk Quotient/Eco-Hazard

Sodium Hypochlorite 48 1360
Sodium Hydroxide 200 4
Acetic Acid 500 397
Citric Acid , not used 65 0.01
Sodium thiosulfate 600 0.025
Monoethanolamine Borate 60 0.05
Sodium chloride 4.5 0.07
Potassium Chloride 20000 14
Guar gum 4000 18.35

The above Table 11 indicates that sodium hyperchlorite, sodium hydroxide, acetic acid,
monoethanolamine borate, guar gum, potassium chloride, guar gum exceeds the Eco-
hazard screening criteria of 1, indicating potentially unacceptable chemical intakes for the
fish (used as screening values in the absence of ecotoxicity data for humans or livestock). It
is to be noted that this screening assessment is extremely conservative, utilising the
maximum concentration of COPCs in the injection water, which does not account for dilution
and biodegradation of the COPCs in groundwater (or potential receiving surface water in the
event of a spill).

Acetic acid has been classified as "food grade" which is generally recognized as safe for use
in foods by the US FDA. Acetates are common constituents of plant and animal tissues. They
are normal metabolic intermediates produced in relatively large quantities during the
digestion and metabolism of foods. As acetic acid biodegrades typically within 3 days in
groundwater it is not considered hazardous to the environment and will be discounted as a
COPC in the remainder of this assessment.

Guar gum is widely used as an emulsifier and firming agent food stuffs such as cheese, milk
products, baked goods and baking mixes. Guar gum is classified as "food grade" by the US
FDA and hence is recognized as safe for use in foods. Guar gum is the natural substance
obtained from the maceration of the seed of the guar plant. Guar has relatively little effect
when added to the diets of animals in amounts considerably greater than those present in
the human diet. Guar gum is considered safe for human consumption and hence will be no
longer considered as a COPC in the remainder of this assessment.

Sodium hypochlorite is typically used in household products as a disinfectant and bleaching
agent. The water treatment plants also use sodium hypochlorite in water purification
processes. Sodium hypochlorite reacts in saline waters under aerobic conditions to create
chlorinated compounds.

In order to counteract this process, Australia Pacific LNG has used sodium thiosulfate as a
stabiliser to dechlorinate the fraccing water, which effectively neutralises sodium
hyperchlorite and eliminates the toxicity typically associated with the chemical. If sodium
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hypochlorite is neutralised effectively within the fraccing fluid, it will no longer be considered
hazardous to the environment and hence can be discounted as a COPC.

Sodium hydroxide is also known as lye and caustic soda. It is used in the home as a drain
cleaning agent, and in the industry as a key component to neutralise acidic materials. In
water, sodium hydroxide rapidly dissolves and dissociates and biodegradation is negligible.
Studies show that if sodium hydroxide is emitted to wastewater that is to be treated in a
biological sewage treatment plant, virtually the total amount will end up in the effluent, as
sorption to the sewerage treatment plant sludge will be negligible. Neutralisation of sodium
chloride occurs when using an acid (i.e. acetic acid), and hence if neutralised effectively,
sodium chloride will no longer be considered hazardous to the environment and can be
discounted as a COPC.

Ferric chloride is routinely used in the Australian drinking water treatment process, and was
endorsed by the National Health and Medical Research Council (NHMRC) as a drinking
water treatment chemical in 1983. It is used as a primary coagulant to remove turbidity,
natural organic matter including colour, microorganisms and many inorganic chemicals
during the treatment of drinking water. Conventional water treatment processes remove most
of the ferric ions produced when ferric chloride is used for coagulation. Residual chloride is
usually at low levels, and does not adversely affect drinking water quality. If ferric chloride is
to be used in the Australia Pacific LNG fraccing process to only treat the source water,
effectively removing the ferric and chloride irons before injection, it will no longer be
considered as a COPC.

Ferric Chloride is not part of the Frac Fluid that is mixed and pumped in real time. Ferric
Chloride is a commonly used in municipal water supplies around the world, and is there to
floc the water. This process is performed to remove silt and clay fines, as they are
detrimental to the productivity of the coals. This process is not performed at the time of
fraccing, nor at the wellsite water storage pond, and is generally performed from one to three
months earlier, as we test the water before each job, and it takes time to get to location and
then obtain the results. Note: It does not occur in the source water pond which supplies water
to the frac job, and is not part of the frac fluid in the case of Australia Pacific LNG / Origin.
Other companies may use it as a real time additive, we do not.

Potassium chloride is typically used for fertilizer production. Other non-fertiliser uses of
potassium chloride include usage as a food stuff additive, nutrient or dietary supplement,
flame retardant, water treatment and as dyes. Potassium chloride is ubiquitous in the
environment, occurring in minerals, soil and sediments and natural waters. Potassium and
chloride are necessary nutrients and two of the most abundant ions in humans and animal
species, and is an essential constituent for the acid-base balance, muscle contraction and
nerve function of the human body. Potassium chloride is generally recognised as safe by the
US FDA to be used as a nutrient and/or dietary supplement in animal drugs, feeds, and
related products and hence will no longer be considered as a COPC.

3.3.1 Environmental Fate and Conclusion

In summary, the toxicity analysis has indicated that identified chemicals generally have low
toxicity, and those with identified toxicity (based on ecotox data and the specified
assumptions) are unlikely to be persistent in the groundwater environment, and as such pose
low risk to groundwater receptors. However, a programme of monitoring is necessary to
validate these assumptions.
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Fate and transport modelling was not performed on the COPC as insufficient information
regarding their environmental behaviour (reaction stochiometry, etc) is available for
modelling. This lack of information would mean that only un retarded dispersion modelling
could be carried out, which would be unreasonably conservative, as over time it would
suggest concentrations similar to the source concentration would reach the down gradient
assessment point (given the conservative assumption that the source remains constant over
time). Data indicates that other than the Guar Gum, the majority of COPC will be largely
neutralised or degraded rapidly within aquifer conditions, based on likely geochemical
processes within the coals. A discussion on the likely attenuation properties of the COPCs is
included in Table 9, and is discussed in the context of risk significance in Section 3.3.1.
Completion of monitoring of groundwater quality to verify this has not been possible in the
study period, and a programme of 'Produced Water' monitoring will be implemented to verify
these assumptions.

From a conceptual model perspective the identified plausible risks associated with the
proposed hydraulic fracturing activities relate to the injection of hydraulic fracturing chemicals
into the coals, with inadvertent migration into the overlying springbok aquifer, and associated
potential impact to proximal groundwater wells utilised for amenity or stock purposes. The
potential mechanism for this is uncontrolled fracturing in upper coals seams where these are
in direct contact with the Springbok, or in areas where the confining layer is limited in
thickness.

Based on the limited connectivity between the coals and the Springbok, it is considered
unlikely that hydraulic fracturing within the coals will extend up into the Springbok, with
associated discharge of fracturing chemicals. Australia Pacific LNG has elected to apply
additional risk controls measures between the upper coals in the Walloons and the
permeable section of the Springbok. Australia Pacific LNG's policy will include an
assessment of the barrier between the upper coal seam of the Macalister seams and the
permeable section of the Springbok. If this barrier is assessed to be inadequate the upper
Macalister coal seam will not be perforated and thus not fractured as a precautionary
measure until further study is completed to assess the potential impact of fracturing in
proximity to this interface. Additional assessment and design work is required before this
policy is changed, which may be possible with completion of detailed pilot trials with a range
of risk management issues.

Notwithstanding the above, it is anticipated that 60-80% of fracture fluids injected will be
removed on development of the CSG production wells, and-rapid attenuation of residual
chemicals is anticipated based on their physio chemical properties. A programme of pilot
fracture monitoring has been proposed to validate this. In relation to the toxicity of fracturing
fluids as they are injected into the coals, a limited number of these chemicals have potential
environmental toxicity based on available toxicity data. Of these 'potentially' hazardous
chemicals, several are classed as food grade at the concentrations being used, and for the
remainder these are likely to be either neutralised or degraded within days. As such the risks
associated with hydraulic fracturing chemical injected into the coals is assessed to be low.

The identified risks associated with process relate to either direct injection of the chemicals
into near surface aquifers (through casing failure. etc), or near surface spills. These
operational risks can be appropriately managed by the implementation of a range of
engineering procedures in line with published best practice.
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In general terms, with implementation of appropriate risk mitigation and engineering
procedures, the risks to the use of groundwater for irrigation, stock or drinking water are low.

There is currently an ongoing monitoring program of water bores, post frac fluids to study the
fate and concentration of the chemicals used in APLG hydraulic Fracture stimulation.

As such, based on current information and adoption of the specified controls, there is no
identified significant risk for the activities to cause environmental harm to the receiving
environment.

To further consolidate the work on hydraulic fracture stimulation and toxicity, APLNG has the
following programs under way which will be completed and supplied to DSEWPaC on the
schedule provided as Figure 12.

The monitoring program is in place and collecting data for analysis from water produced from
fracced wells and nearby water bores (water bores monitored as per EA requirements).

Condition 50 of EPBC 2009/4974 requires ecotoxicity testing, as both total effluent toxicity
and ecotoxicity levels based on methods outlined in the National Water Quality Management
Strategy Guideline 4.

The studies required by the approval have commenced and are ongoing. Since the hydraulic
fracture stimulation occurs in low permeability coals it can take a significant period of time to
extract sufficient water from the fracced well to perform effluent studies on the produced
fluids to conform with the required method. Currently many of the low permeability
exploration wells which have been fracced are taking 18 months or more to flow back 150%
of the frac fluid volume used.

The first phase of data collection of this process will conclude late in mid 2013, following
which the data will be analysed by appropriately qualified professionals.

In Q4 of 2012 Origin is working on a collaborative basis with other major CSG industry
companies to undertake a total effluent toxicity and ecotoxicity program to review the Delta
effluent toxicity and ecotoxicity of fracced CSG wells under their operating areas.

Data gathering thru sampling and monitoring of produced fluids from fracced wells is
ongoing.

Data gathering thru sampling and monitoring of produced fluids in wells not fracced in similar
locations is due to start in the near future once these wells are available and online.

To supplement the existing data gathering programs and addition test programs are required,
the development of these programs will include the WMMP department as well as the
existing industry collaboration team, it is anticipated that this program will be finalized by 30"
April 2013.

Per current knowledge and experience, the produced fluids from fracced wells will revert to
formation water over time this is dependent on various factors including permeability and
other operational constraints. To understand the effects of fraccing on effluent toxicity and
ecotoxicity, data must be also obtained from non fracced wells in close proximity to the
fracced wells to remove any regional changes of water within the coals seams. Currently
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there is no development fraccing within the Stage 1 area, and the exploration program has
been focussed on low perm areas, wells must be found or drilled to collect this important
baseline data. The current time frame before a well can be drilled is approx 6 to 9 months, to
gain all the required regulatory and land owner approvals, then another 2 to three months to
have an exploration production facility online to produce the well and allow sampling and
monitoring activities. The two wells in existence which can provide baseline data or not
considered a sufficient number to obtain a full baseline, and further wells will be required.

It is expected to take a minimum of a further 12+ months to collect sufficient data to finalise
the data set, to determine the effluent toxicity / ecotoxicity and delta effluent toxicity / toxicity,
with a final report to follow this study. There will be various stages where data is available
thru 2013, and APLNG will keep the WMMP department updated thru the study. A goal to
finalize the study would be 31 Dec 2013, a possible cause of delay would be difficulty in
obtaining baseline data from non fracced wells in these areas.

NICNAS is also undertaking an authoritative review of fraccing chemicals for their toxicity
and ecotoxicity. The release date for these results is currently not known by Australia Pacific
LNG, but expected in 2013.

APLNG will limit hydraulic fracturing activities in the areas covered by this Stage 1 WMMP to
no more than 100 wells a year or a maximum number of 150 wells until a Stage 2 WMMP
that provides all information to adequately address condition 50f is approved.

Life Cycle analysis of hydraulic stimulation fluid, proppant, chemicals and resultant products
from the following:

Wellsite Use and Storage

Real Time Mixing and Pumping into the cased wellbore
Insitu in the formation
Production phase via formation, wellbore and surface facilities

This life cycle analysis will be completed in 2013 with input from several experts from within
APLNG, the service providers and consultants. It is intended to provide results of this work in
support of the Stage 2 CSG WMMP.

Further refinement of exisitng MOC (management of change) process for any changes to the
CSG hydraulic stimulation chemical / product mix in existence since 2011, to take into
account regulatory changes as required, and distribution to appropriate regulatory agencies..

Assessment of the suitability of substituting CSG formation water for current surface water
sources as the base fluid for CSG hydraulic fracture stimulation in the development phase
post 2020. This work will be available for provision to DSEWPaC in Revision 4 of the
Fraccing Risk assessment in Dec 2013.

A timeline of the above process is provided as Figure 13 for the various activities to close out
condition 50f.
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Australia Pacific LNG Stage 1 Coal Seam Gas Water Monitoring and Management Plan —
Surface Water (Appendix D) describes the approach that Australia Pacific LNG proposes
with respect to the management of surface water discharges relating to CSG water
management. This plan and approach are in accordance with the requirements of Condition
50, which are identified in Table 12. A component of Condition 44 is also addressed in this
report. Table 12 also identifies the sections within the Surface Water Monitoring and
Management Plant where each requirement is considered.

Table 12 Concordance Table for Stage 1 Surface Water Monitoring and

Management Plan

Federal Condition

Section of SWMMP Where
Condition is Addressed

Condition 44

take all reasonable measures to ensure that CSG water, including
extracted groundwater, treated or amended CSG water, and any
associated waste water, brine crystals and/or solids generated as a
result of treating or amending water have no significant impact on
any MNES during or beyond the life of the project.

The brine component only of this condition is relevant to this report and
addressed herein.

10

Condition 50

identification of the surface and aquatic systems to be monitored and their
environmental values, water quality, and environmental characteristics, and
the rationale for selection;

(ii)

the number and locations of monitoring sites upstream and downstream of
proposed discharge of CSG water (whether treated water, amended water
or raw water), including test and reference sites upstream and downstream
and before and after any proposed discharge;

3.1

(i)

the frequency of the monitoring and rationale for the frequency;

3.2

(iv)

baseline data for each monitoring site for comparison of monitoring results
over the life of the project;

the approach to be taken to analyse the results including the methods to
determine trends to indicate potential impacts;

(vi)

threshold values that protect relevant Matters of National Environmental
Significance (MNES) (such as reporting or control line values for additional
investigation, more intensive management action, make good, and cease
operations) at which management actions will be initiated to respond to
escalating levels of risk and designed to protect water quality and the
associated environmental values of surface and aquatic systems;

(vil)

water treatment and amendment methods and standards;

(viii)

water storage locations and volumes including any storage and volumes
required to pilot or implement reinjection or other groundwater
repressurisation techniques;

water use or disposal options and methods (whether for beneficial use or
not) including frequency, volumes, quality and environmental values
documented for each receiving environment;

commercial-in-confidence

Australia Pacific LNG Pty Limited ABN 68 001 646 331
Level 3, 135 Coronation Drive, Milton, Qld, 4064
GPO Box 148, Brisbane, Qld, 4001 « Telephone (07) 3858 0280+ Facsimile 1300 863 446 « www.aplng.com.au 52

Q-LNG01-95-MP-0147




Stage 1 CSG ®e
Water Monitoring and Management Plan

AUSTRALIA
PACIFIC
LNG

Federal Condition Section of SWMMP Where

Condition is Addressed

(x) brine storage locations and volumes, and brine crystal water management; 10

(xi) | emergency water discharges, their volumes and quality; 11

(xii) | references to standards and relevant policies and guidelines 14

Mechanisms to avoid, minimise and manage risk of adverse impacts and 12

response actions and timeframes that can be taken if:
e Threshold values for surface water quality and water environmental
values specified in the CSG WMMP are exceeded:;
e There are any unforeseen emergency discharges

Describe the reporting requirements, i.e performance measures, annual 13
reporting to the Department, and publication of reports on the internet
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Appendix A - Subsidence, Aquitard Integrity and  Aquifer
Interconnectivity Project Plan
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Appendix B - Aquifer Injection Feasibility Studies
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Appendix C - Groundwater Monitoring Plan
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Appendix D - Stage 1 Surface Water Monitoring and Management
Plan
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